The crystal structures of timroseite (R 1 = 0.029) and paratimroseite (R 1 = 0.039) are very closely related. The structures are based upon edge-and corner-sharing sheets of Te and Cu polyhedra parallel to (001) and the sheets in both structures are identical in topology and virtually identical in geometry. In timroseite, the sheets are joined to one another along c by sharing the apical O atoms of Cu octahedra, as well as by sharing edges and corners with an additional CuO 5 square pyramid located between the sheets. The sheets in paratimroseite are joined only via Pb-O and H bonds.
, are two new tellurates from Otto Mountain near Baker, California. Timroseite is named in honor of Timothy (Tim) P. Rose and paratimroseite is named for its relationship to timroseite. Both new minerals occur on fracture surfaces and in small vugs in brecciated quartz veins. Timroseite is directly associated with acanthite, cerussite, bromine-rich chlorargyrite, chrysocolla, gold, housleyite, iodargyrite, khinite-4O, markcooperite, ottoite, paratimroseite, thorneite, vauquelinite, and wulfenite. Paratimroseite is directly associated with calcite, cerussite, housleyite, khinite-4O, markcooperite, and timroseite. Timroseite is orthorhombic, space group P2 1 nm, a = 5.2000 (2) , b = 9.6225(4), c = 11.5340(5) Å, V = 577.13(4) Å 3 , and Z = 2. Paratimroseite is orthorhombic, space group P2 1 2 1 2 1 , a = 5.1943(4), b = 9.6198(10), c = 11.6746(11) Å, V = 583.35(9) Å 3 , and Z = 2. Timroseite commonly occurs as olive to lime green, irregular, rounded masses and rarely in crystals as dark olive green, equant rhombs, and diamond-shaped plates in subparallel sheaf-like aggregates. It has a very pale yellowish green streak, dull to adamantine luster, a hardness of about 2½ (Mohs), brittle tenacity, irregular fracture, no cleavage, and a calculated density of 6.981 g/cm 3 . Paratimroseite occurs as vibrant "neon" green blades typically intergrown in irregular clusters and as lime green botryoids. It has a very pale green streak, dull to adamantine luster, a hardness of about 3 (Mohs), brittle tenacity, irregular fracture, good {001} cleavage, and a calculated density of 6.556 g/cm 43, 3.578 (112) 44, 3.008 (023) 84, 2.950 (113) 88, 2.732 (130) 100, 1.785 (multiple) 33, 1.475 (332) 36; and for paratimroseite 4.771 (101) 76, 4.463 (021) 32, 3.544 (120) 44, 3.029 (023,122) 100, 2.973 (113) 48, 2.665 (131) 41, 2.469 (114) 40, 2.246 (221) 34. The crystal structures of timroseite (R 1 = 0.029) and paratimroseite (R 1 = 0.039) are very closely related. The structures are based upon edge-and corner-sharing sheets of Te and Cu polyhedra parallel to (001) and the sheets in both structures are identical in topology and virtually identical in geometry. In timroseite, the sheets are joined to one another along c by sharing the apical O atoms of Cu octahedra, as well as by sharing edges and corners with an additional CuO 5 square pyramid located between the sheets. Baker, California. Detailed information on the mining history, geology, mineralogy, and mineral paragenesis of the deposit, as well as on the discovery of the new minerals, is provided in Kampf et al. (2010b) .
Timroseite is named in honor of Timothy (Tim) P. Rose (b. 1960) and paratimroseite is named for its relationship to tim-* E-mail: akampf@nhm.org roseite. Rose is a geochemist at Lawrence Livermore National Laboratory and an avid mineral collector. He collected and provided two of the three cotype specimens of timroseite for study, from which the only crystals suitable for single-crystal work were obtained. Rose has agreed to the naming of timroseite in his honor. Kampf et al. (2010e) ]. Other potentially new species are still under investigation.
Timroseite and paratimroseite and most the other secondary minerals of the quartz veins are interpreted as having formed from the partial oxidation of primary sulfides (e.g., galena and chalcopyrite) and tellurides (e.g., hessite) during or following brecciation of the quartz veins.
phySicAl And opticAl pRopeRtieS

Timroseite
Timroseite most commonly occurs as olive to lime green irregular rounded crystalline masses ( fig. 1 ) and very rarely as distinct crystals in the form of dark olive green equant rhombs or diamond-shaped plates in subparallel sheaf-like aggregates to 0.5 mm. Crystals exhibit the forms {001}, {110}, and {010} ( fig. 2) . No twinning was observed. The mineral is non-fluorescent. The streak is a very pale yellowish green and the luster is dull to adamantine. The Mohs hardness is estimated at 2½. The mineral is brittle with irregular fracture and has no cleavage. The density could not be measured because it is greater than those of available high-density liquids and there is insufficient material for physical measurement. The calculated density for the ideal formula is 6.982 g/cm 3 . In dilute HCl, timroseite immediately decomposes, turning opaque white, and then the residue slowly dissolves. The indices of refraction exceed those of available index fluids. The Gladstone-Dale relationship (Mandarino 1981) predicts n av = 2.113 based on the ideal formula. Orthoscopic and conoscopic optical examination using a Leitz Ortholux I polarizing microscope equipped with a Supper spindle stage showed timroseite to be biaxial (+) with a large 2V. No dispersion was observed. The optical orientation is X = b, Y = a, Z = c and the pleochroism is X = greenish yellow, Y = yellowish green, and Z = dark green (Z > Y > X).
Paratimroseite
Paratimroseite occurs as vibrant "neon" green blades up to about 0.1 mm in length. Blades typically are intergrown in irregular clusters ( fig. 3 ). The mineral also occurs in lime green botryoids up to 0.2 mm in diameter. Blades are elongated on [100], flattened on {001}, and exhibit the forms {001}, {010}, {120}, and {100} ( fig. 4) . No twinning was observed. The mineral is non-fluorescent. The streak is a very pale green, and the luster is adamantine for crystals and dull for botryoids. The Mohs hardness is estimated at 3. The mineral is brittle with irregular fracture and good {001} cleavage. As for timroseite, density could not be measured. The calculated density for the ideal formula is 6.557 g/cm 3 . In dilute HCl paratimroseite also immediately decomposes, turning opaque white, and then the residue slowly dissolves.
The indices of refraction exceed those of available index fluids. The Gladstone-Dale relationship (Mandarino 1981) predicts n av = 2.059 based on the ideal formula. Paratimroseite is biaxial (-) with a large 2V. No dispersion was observed. The optical orientation is X = c, Y = b, Z = a and the pleochroism is X = light green, Y = green, and Z = green (Y = Z >> X).
chemiStRy
Chemical analyses were carried out using a JEOL8200 electron microprobe (WDS mode, 15 kV, 10 nA, 5 µm beam diameter) at the Division of Geological and Planetary Sciences, California Institute of Technology. The standards used were: PbS, Cu metal, Te metal, and sodalite (for Cl). five analyses were obtained for both timroseite and paratimroseite. The crystals of both species are quite prone to electron beam damage. This and sample porosity contributes to the low analytical totals, even though we used the mildest analytical conditions feasible. This problem of sample instability in the electron beam appears to be common in tellurates (cf. Grundler et al. 2008; Mills et al. 2008 Mills et al. , 2009b Mills et al. , 2010 . The material available was insufficient for direct H 2 O determination, so it was calculated by stoichiometry from the results of the crystal-structure analysis.
Timroseite
The averages (and ranges) 
X-ray crystallography and structure determinations
All powder and single-crystal X-ray diffraction data were obtained on a Rigaku R-Axis Spider curved imaging plate microdiffractometer utilizing monochromatized MoKα radiation. The powder data for timroseite and paratimroseite are presented in Table 1 . The observed powder data for both minerals fit those calculated from their respective structures well. figure 5 compares the powder patterns for the two minerals and shows them to be strikingly different in spite of the nearly identical unit cells. The Rigaku CrystalClear software package was used for processing the structure data. Numerical (shape-based) and empirical absorption corrections were tested for each data set. The crystal of timroseite used for data collection was a relatively equant (50 × 33 × 25 µm) rhomb of equal dimensions, for which an empirical absorption correction provided the best R int and structure refinement. The crystal of paratimroseite is a very small, thin (45 × 25 × 6 µm) blade, for which a shape-based absorption correction worked best. The structures were solved by direct methods using SIR92 (Altomare et al. 1994 ) and refined, with neutral atom scattering factors, using SHELXL-97 software (Sheldrick 2008) .
The location of all non-hydrogen atoms in the timroseite structure was straightforward and, with anisotropic displacement parameters assigned to all atoms, the structure refined to R 1 = 0.053 for 1181 reflections with F o > 4σF. The flack parameter (flack and Bernardinelli 1999), 0.47 (2) , indicated the likely presence of merohedral twinning. After adding the TWIN instruction, R 1 improved to 0.040; however, two large residuals of 7.0 and 4.9 e/Å 3 remained at 0.89 Å from Pb2 and 0.77 Å from Pb1, respectively. On the presumption that these represented alternate Pb sites, they were refined as such. With the occupancies of figuRe 6. Structures of timroseite and paratimroseite along a (top row) and c (bottom row, with only Cu1, Cu2, and Te octahedra shown). The Cu3 square pyramid in timroseite is shown in "ball-and-stick" style to emphasize that it is not part of the Cu-Te octahedral sheet. (Kraus and Nolze 1996) . d calc based on the cell refined from the powder data (*) using UnitCell (Holland and Redfern 1997) . Refined cell for timroseite: a = 5.2054(5), b = 9.626(1), c = 11.538 (2) (6) 0.023 (7) 0.023 (7) The location of all non-hydrogen atoms in the paratimroseite structure was also straightforward. With anisotropic displacement parameters assigned to all atoms, the structure refined to R 1 = 0.038 for 842 reflections with F o > 4σF; however, the anisotropic displacement parameters for two O atoms, O2 and O3, went slightly non-positive definite. In the final refinement, O2 and O3 were assigned isotropic displacement parameters yielding R 1 = 0.039. The very small size of the crystal used in the data collection resulted in weak intensities for higher-angle reflections, contributing to the relatively high R int (0.1114) and probably also to the problems in refining the anisotropic displacement parameters for O2 and O3. The flack parameter, 0.02 (2) , indicated the lack of merohedral twinning.
Bond-valence calculations for timroseite indicate that two O atoms (designated OH1 and OH2) are hydroxyl groups. Bondvalence calculations for paratimroseite indicate that one O atom (designated OW) is a water molecule; however, the quality of the data did not allow the unambiguous determination of the H atom sites for either structure. Hydrogen bonds were assigned on the basis of bond valence, bond geometry, and bond distance. In timroseite, OH1 is situated 2.87 Å from two O6 atoms along edges of two separate Cu1O 6 octahedra. The H atom is probably located between the two O6 atoms, forming a bifurcated hydrogen bond. The OH2 is 3.02 Å from two O6 atoms and probably forms a hydrogen bond to one O6 or the other (or effectively a half bond to each). In paratimroseite, OW forms two likely hydrogen bonds to O1 and O6.
The details of the data collections and the final refinements for both structures are provided in Table 2 . The final atomic coordinates and displacement parameters for timroseite are in ( Table 3 and those for paratimroseite are in Table 4 . Selected interatomic distances for both structures are listed and compared in Table 5 and bond valences in Table 6 . CIf and structure factors available on deposit 1 .
deScRiption of the StRuctuReS
The unit-cell dimensions for timroseite and paratimroseite are so similar that based solely on those dimensions and the qualitative chemistry one might readily conclude that the two minerals are identical; however, the powder-diffraction data clearly show the minerals to be different, as do the space groups and quantitative chemical analyses. Not surprisingly, the crystal structures of the two minerals are very closely related ( fig. 6 ).
Both structures are based upon edge-and corner-sharing linkages of Te (Table 4) .
In timroseite, the Pb1 and Pb2 sites are 12-and 11-fold coordinated, respectively. The alternate Pb sites, Pb1a and Pb2a, are coordinated by the same O atoms and most likely reflect a shifting of the Pb atoms within their coordination spheres (see Table 5 and fig. 7 ). for the bond-valence analysis in Table 6 , Pb1 and Pb2 sites are considered fully occupied and the Pb1a and Pb2a sites are ignored; however, it is worth noting that the Pb1a and Pb2a sites receive bond-valence sums of 1.80 and 1.88, as compared to 1.98 and 2.04 for the the Pb1 and Pb2 sites. In paratimroseite, the Pb atom is 12-fold coordinated (see Table 5 and fig. 7 ). All of the Pb coordinations in timroseite and paratimroseite are lopsided as is typical for Pb 2+ with stereoactive 6s 2 lone electron pairs (e.g., Moore 1988; Cooper and Hawthorne 1994; Kharisun et al. 1997; Mills et al. 2009a) . In fact, the Pb atoms in the structures of all seven recently discovered new minerals from Otto Mountain exhibit this feature. The Te, Cu1, and Cu2 polyhedra in the two structures form edge-and corner-sharing sheets parallel to (001) and these sheets 1 Deposit item AM-10-047, CIf and structure factors. Deposit items are available two ways: for a paper copy contact the Business Office of the Mineralogical Society of America (see inside front cover of recent issue) for price information. for an electronic copy visit the MSA web site at http://www.minsocam.org, go to the American Mineralogist Contents, find the table of contents for the specific volume/issue wanted, and then click on the deposit link there.
are identical in topology and virtually identical in geometry. The only significant difference between the sheets is that in timroseite Cu1 is in sixfold coordination and in paratimroseite Cu1 is in fivefold coordination. This difference also relates to the linkage between the sheets in the two structures. Successive sheets in figuRe 7. Coordinations of Pb atoms in timroseite (left) and paratimroseite (right). for timroseite, the Pb sites (1, 1a, 2, and 2a) and the OH sites are situated on a 001 mirror plane; other O sites are above and below the mirror. Bond lengths are given in angstroms. Brown and Altermatt (1985) ; hydrogen-bond strengths based on O-O distances from Ferraris and Ivaldi (1988) ; for timroseite, calculations are based on fully occupied Pb sites and satellite Pb sites are not considered.
timroseite are positioned such that peripheral apical O atoms (OH1) of the Cu1 octahedra in adjacent sheets are shared, as are peripheral apical O atoms (OH2) of the Cu2 octahedra. In timroseite, an additional Cu atom (Cu3) with square pyramidal coordination also participates in the inter-sheet linkage by sharing its apical O atom with two Cu2 atoms in different sheets and sharing trans equatorial edges with two Te octahedra in different sheets. The addition of the Cu3 square pyramid thereby links the sheets into a framework.
In paratimroseite, the edge-and corner-sharing sheets of Te, Cu1, and Cu2 polyhedra parallel to (001) are shifted such that the peripheral apical O atoms (OW) of the Cu2 octahedra in successive sheets are no longer shared and the Cu1 polyhedron no longer has a peripheral apical O atom, resulting in its square pyramidal coordination. The shifting of the sheets also destroys the local bonding environment required for incorporation of the additional Cu atom (Cu3) in the structure. The sheets in paratimroseite are joined only via Pb-O and H bonds, thus accounting for the good {001} cleavage, which is not observed in timroseite. The lack of strong polyhedral linkages between the sheets in paratimroseite makes it more surprising that its c cell dimension is so similar to that of timroseite.
The minerals most closely allied chemically with timroseite and paratimroseite are housleyite, Pb 6 Cu 2+ Te 4 6+ O 18 (OH) 2 (Kampf et al. 2010c) , and khinite (khinite-4O and khinite-3T), PbCu 3 2+ Te 6+ O 6 (OH) 2 (Burns et al. 1995; Cooper et al. 2008; Hawthorne et al. 2009 ), and all occur in close association at Otto Mountain. The structures of the khinite polytypes are also based upon edge-and corner-sharing sheets of Te and Cu octahedra; however, the sheets in khinite are very different topologically (and geometrically) from those in timroseite and paratimroseite. The structure of housleyite is completely different in that it possesses corner-sharing chains of TeO 6 octahedra.
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